R6sum6. -Les materiaux utilises comrne anode pour electrolyse en solution doivent presenter une resistivite faible, une tenue &levee la corrosion et une resistance mtcanique importante.
1. Introduction. -Generally, anode materials in solution electrolysis should have low electric resistivity, high corrosion resistance and high mechanical strength. Catalytic activity is required in some cases. Noble metal-coated titanium, graphite, lead preoxide, and magnetite have been used as anode materials in the electrochemical industry. Magnetite electrodes have been used for the production of chlorate. Usually, magnetite electrodes have been produced by casting. This method has the advantage that no atmospheric control is required. However, cast magnetite electrodes have disadvantages such as chemical inhomogeneity, high porosity, poor mechanical strength, and difficulty of dimensional control. Ferrites are produced usually by powder metallurgy techniques in which phase constitution, microstructure and density may be controlled adequately. Based on such backgrounds, we have developed ferrite electrodes of high performance by powder metallurgy techniques.
The electric conduction in ferrites is caused mainly by the electron hopping between Fe2+ and Fe3+ [l, 21- Therefore, it is necessary to choose a chemical composition containing ~e~+ and Fe3+ ions. Further, it is supposed that the spine1 solid solutions are stable over wide ranges of oxygen partial pressure and temperature by incorporating divalent metal ions such as Mn2+, Zn2+ and Niz+. It is also expected that the incorporation of divalent metal ions should imprqve the corrosion resistance and mechanical strength. Generally, impurities such as SiO, and CaO have the tendency to accumulate at the grain boundaries causing an increase in resistivity. We found that it was possible to obtain ferrite electrodes which have higher corrosion resistance, mechanical strength and density than magnetite electrodes. Further, the ferrite electrode have the additional features of high corrosion resistance at high voltages and in fields of changing polarity, less virulence of dissolved metal ions and economy in manufacturing.
2. Experimental. -The optimum chemical composition was determined by changing the ratio of Fe203 to one of the divalent metal oxides such as MnO, NiO, COO, MgO and ZnO. Mixtures of constituent oxides of high purity were calcined, ground, pressed, heated at 1400OC for 2 hours, and then cooled to room temperature at an oxygen partial pressure between 10-3 and 10-' atm. The electrode characteristics of the obtained specimens were compared with conventional anode materials. The electric resistivity was determined by the D. C. four-point-compensation method The anodic dissolution rate expressed in mg/A. day, was calculated from the amount of dissolved metal ions which was determined by flame absorption photometry after 24-hour performance under the anodic current density of 5 A/dm2 in 3 % NaCl solution at 30 OC.
3.
Results and Discussion. -3.1 PROPERTIES OF THE FERRITES. -Typical properties of ferrous ferrites containing 90 m01 % Fe203 and 10 m01 % divalent metal oxide and cast magnetite are listed in table I. All the ferrites are superior to cast magnetite in corrosion resistance and mechanical strength. Ni-, Mn-, CO-and Zn-ferrites have lower electric resistivity than cast magnetite. Still, Ni-ferrite has the highest corrosion resistance, mechanical strength and heat shock resistance, though the resistivity is nearly the same as that of Mu-, CO-and Zn-ferrites. Therefore, Figure 1 shows the effect of composition on the anodic dissolution rate and the electric resistivity. The anodic dissolution rate decreases with increasing NiO content. From table I and figure 1, we can see that the anodic dissolution rate of ferrites is governed by the kind and the content of the divalent metals. The resistivity increases with increasing NiO content. This is explained by the decrease in Fe2+ content. Figure 2 shows the effect of composition on the poro- Figure 3 shows the effect of NaCl concentration on the anodic dissolution rate of the ferrite electrode and cast magnetite at the current density of 5 A/dm2. The anodic dissolution rate of ferrite and magnetite decreases with increasing NaCl concentration. The result shown in figure 3 is possibly explained by the fact that the anode potential decreases with increasing NaCl concentration in neutral solution [3, 41. So, it is considered that the anodic dissolution rate of ferrites in neutral solutions depends on the anode potential. Figure 4 shows the effect of pH on the anodic dissolution rate. The anodic dissolution rate is almost constant in the pH range between 10 and 1, but increases markedly below l. Thus, the anodic dissolution rate of ferrite increases with acid concentration, contrary to the case of NaCl solutions. However, the anode potential decreases with increasing acid concentration, as in the case of NaCl solutions. Hence, it is concluded that the mechanism of dissolution in acidic solutions differs from that in neutral ones.
CHARACTERISTICS OF FERRITE ELECTRODES

. -2. Comparison of the ferrite electrode with
other electrodes. - Table I1 shows the anodic dissolution rate of different electrode materials. The anodic dissolution rate of ferrite is appreciably lower than that of other anodic materials, but higher than that of Pt-coated titanium. The anodic dissolution rate of ferrite is about 1/100 of cast magnetite.
Furthermore, it is possible to use ferrite electrodes for the equipment in which the electrode is subjected to a polarity change, because the ferrite is stable under the reductive condition where hydrogen evolves. This is one of the important features of ferrite electrode which cannot be met by Pt-coated titanium, because Ptcoated titanium has pin-holes and titanium is dissolved through the pin-holes under changing polarity. Another feature of the ferrite electrode which is different from Pt-coated titanium is that the ferrite is applicable to the region of higher voltages, where the Pt-coating peels off from the base material.
The problem about our ferrite electrodes is that the catalytic activity is low in the production of chlorine. other electrodes. The chlorine over-voltage of ferrite is higher than those of the graphite and Pt-coated titanium, though it is equal to that of magnetite. Thus, it is not advantageous to use ferrites for the production of chlorine. But it is possible to decrease the chlorine over-voltage of the ferrite electrode by applying some material having low chlorine overvoltage on the ferrite surface.
4. Summary. -It is shown that high corrosion resistance, high mechanical strength, and low resistivity of ferrites are achieved by using high purity raw materials, choosing an appropriate chemical composition and by sintering under the proper atmospheric conditions. We found that one might choose the chemical composition having the proper resistivity and the corrosion resistance according to the performance.
Ferrites have been used mainly as anode materials, and have been applied widely to the electrolytic floatation and electric protection. It is expected that the application of ferrites may be extended to various fields in industry and especially to the water treatment.
